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三、首次将电化学现场 SERS光谱法用于识别自组装 DNA吸附取向的变化 
1．根据现场 SERS 研究结果，ssDNA 及 dsDNA 的大多数 SERS 谱带强度随电极
电位正移而降低，尤其是归属于碱基 A的两种面外振动模式谱带变化更为明显； 









当自组装 DNA吸附取向发生变化时，取向变化过程等效于一个电阻 Rp和电容 Cp
相串联的支路，该支路与原有非法拉第吸附阻抗的吸附电容相并联，且与取向有
关的电容 Cp具有恒相位元件的特征，其指数因子接近于 1； 
3．阻抗频谱法研究进一步表明，随电极电位正移，ssDNA 及 dsDNA 吸附取向发
生变化，且取向发生变化的电极电位分别约为 0.1 V和 0.3 V； 
4．将电化学现场 SERS 光谱法与阻抗频谱法研究结果相结合，当电极电位在-0.4 
V~0 V范围内变化时，ssDNA及 dsDNA在金基体表面均为垂直吸附取向，且同一
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差异，表现为吸附电阻 Ra显著不同，因此，同一电极电位时（且 ssDNA及 dsDNA






五、自组装 DNA的控电位杂交及 QCM、SERS现场识别 
1．QCM 实验结果表明，利用修饰硫醇的寡聚核苷酸探针在金电极表面的自组装
得到的寡聚核苷酸探针自组装层表面密度约为 2.0×1013 chains/cm2，链间横向间距
约为 2.24 nm； 
2．电化学现场 QCM实验表明，控制合适的负电位如-0.3 V进行杂交，可获得较
高的杂交效率，在室温下可使杂交效率提高约 25%； 




























3．首次将电化学现场 SERS光谱技术用于 ssDNA及 dsDNA与[Co(phen)3]2+/3+相互
作用研究，获得了相互作用模式、相互作用位点及相互作用所引起的构象变化等
分子水平的现场的识别信息，即 dsDNA与[Co(phen)3]2+/3+存在一定的嵌插作用，配
合物通过配体 phen 环以嵌插模式结合在碱基 A-T 及 G-C 富集区，同时与磷酸二
酯键 PO2相互作用，并伴随 dsDNA螺旋构象由 B-型向 A-型转变；而[Co(phen)3]2+/3+
则可能是以静电模式与 ssDNA 的磷酸二酯键 PO2 及脱氧核糖组成的骨架相互作
用； 
4．根据电化学现场 SERS 光谱法研究结果，初步分析了自组装 DNA 吸附取向对






























































The Electrochemistry of Self-assembled DNA 
                                                                                  
 
 
   With the rapid progress in Human Genome Project, great efforts have been 
made to develop the heterogeneous genosensors for the DNA detection, and 
genechips comprise a new and uprising brightphearl of biological technology 
emerging at a tremendous pace in the 21st century. However, since the 
genosensors study is underway, many fundamental issues were generally not 
well understood and the remain problems to be resolved will be mandatory. 
The development of a genosensor involves the following key technique 
processes: 
ⅰ) In view of the fact that the area of surface modification and the efficient 
probe immobilization comprises a crucial element in genosensor design, in 
addition to investigation of new strategies for linking nucleic acid to surfaces 
and choice of new substrate materials, by extension it is clear that significant 
further study by adjunct surface analysis will be mandatory involving 
orientation, packing density, multipoint adsorption considerations. Such an 
effort has been noticeably lacking in some of the earlier work on the 
development of genosensors. 
ⅱ ) How to gain higher hybridization efficiencies, how about the 
thermodynamics and kinetics of DNA hybridization on sensor interfaces, how 
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hybridization of immobilized DNA probes with target sequences in solution are 
the remain problems to be resolved. Furthermore, the thermodynamics and 
kinetics of DNA hybridization on sensor interface requires modeling in order to 
explain a series of problems about the variation of the thermodynamic and the 
kinetic parameters.  
ⅲ) Transduction and detection of interfacial DNA hybridization are needed 
to be investigated thoroughly. Employing the electrochemical DNA biosensors 
on gene detection is confined due to electroactive hybridization indicator. More 
sophisticated electroactive labels with high selectivity and sensitivity and the 
labels which can recognize specific DNA structure, such as mismatch, remain to 
be developed. Additionally, further investigation of the label-free 
electrochemical detection schemes based upon the variation of interfacial 
impedance, capacitance, or the photoelectric behavior resulting from 
hybridization is much needed. 
As we have seen, a number of fundamental issues remain to be addressed, 
which is dependent upon the continued development through combined efforts 
in many subjects. On the one hand, the electrochemical method is a simple, fast, 
sensitive, non-radioactive and in situ method. On the other hand, 
electrochemical methods can also be useful tools to qualitatively or 
quantitatively describe the interaction between two molecules occurring on the 
electrode interface according to the differences in their interfacial behaviors. 
The experiences obtained from employing the traditional electrochemical 
methods, the electrochemical in situ spectroscopy and microscopy on 
investigating the behaviors at the electrode/solution interface may provide us 
some new ideas about biosensing research. The progress provides some 
effective means for the further development of biosensing technique. However, 















spectroscopies has not been made in those studies. 
Accordingly, the emphasis of this thesis is placed on solving and 
investigating some above key processes involved in biosensing technique 
employing the electrochemical ex situ and in situ SERS (surface enhanced 
Raman scattering) spectroscopy, QCM (quartz crystal microbalance) and the 
traditional electrochemical methods such as Impedance Spectroscopy. In short, 
the following issues have been conducted. Firstly, the oligonucleotide probes 
were immobilized on the gold substrate by self-assembly of thiol-derivatized 
oligonucleotide probes (ssDNA). Secondly, the potential dependency of the 
electrochemical in situ SERS spectra of self-assembled ssDNA and its 
hybridized helices (dsDNA) was conducted for the first time by utilizing SERS 
as a vibrational probe, which indicates that conversion of the adsorption 
orientation of ssDNA and dsDNA occurs upon shifting the potentials. Based on 
the electrochemical in situ SERS studies, impedance spectroscopy is employed 
for the first time to sense the conversion of the adsorption orientation of ssDNA 
and dsDNA and to gain insight into what takes place in the process of 
adsorption orientation change. Attempt has been made to model the impedance 
spectra of this process by the equivalent circuits. Thirdly, by using QCM and 
the electrochemical in situ SERS spectroscopy, the in situ detection of ssDNA 
hybridization and the investigation on the effects of the applied negative 
potential on the hybridization efficiency is conducted. The molecular-level 
information of the structural and conformational changes arising from 
hybridizing the target molecules is characterized by utilizing the 
electrochemical in situ SERS spectroscopy as a vibrational probe. Fourthly, on 
the self-assembled ssDNA and dsDNA modified electrodes, attempts have been 
made to investigate the interaction between [Co(phen)3]2+/3+ (or thionine) and 
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using [Co(phen)3]2+/3+ or thionine as labels is discussed. Furthermore, a detailed 
study of the interaction of [Co(phen)3]2+/3+ with ssDNA or dsDNA 
self-assembled on the gold substrate is conducted by utilizing SERS for the first 
time and the interaction information at a molecular level is obtained. The main 
results and conclusions of the dissertation are listed as follows: 
1. The self-assembly of oligonucleotide probes on the substrate and 
characterization 
(1) Diffuse reflectance FT-IR and X-ray Photoelectron Spectroscopy study 
confirms the immobilization of thiol-derivatized ssDNA by self-assembly on the 
substrate.  
 
2. For the first time, the electrochemical ex situ SERS spectroscopy was 
employed on the surface analysis of self-assembled DNA on the gold 
substrate 
(1) The electrochemical ex situ SERS spectra indicate that, under atmosphere, 
the oligonucleotide probes could adsorb onto the gold substrates through the 
thiol end group as well as through backbone/substrate contacts and that a 
multitude of adsorption states exists, which indicates the presence of multiple 
adsorption contacts between oligonucleotide probes and the gold substrate.  
(2) Under atmosphere, the conformation of most of helices on gold substrate is 
B-form, but A-form conformation also exists. Furthermore, heating and so on 
during hybridization may induce reorganization of DNA resulting in 
orientation change.  
 
3. The electrochemical in situ SERS spectroscopy was utilized for the first 
















(1) The band intensities of the electrochemical in situ SERS spectra of ssDNA 
and dsDNA decrease substantially when the potentials are made more positive, 
especially for two ring vibration modes of the out-of-plane contribution of 
adenine.  
(2) According to SERS “surface selection rules”, it can be concluded that 
conversion of the vertical adsorption orientation of self-assembled DNA to 
flattened adsorption orientation occurs when the potential is changed from 
negative to more positive potentials. When ssDNA and dsDNA orientate 
flattened on the gold substrate, multiple adsorption contacts between DNA 
strands and substrate exist.  
 
4. Impedance spectra were employed for the first time to sense the conversion 
of the adsorption orientation and the hybridization of self-assembled DNA 
(1) The conversion of the adsorption orientation due to shifting the electrode 
potentials affects the interfacial impedance of the non-faradic adsorption 
process and hence the corresponding equivalent circuit for the interfacial 
impedance.  
(2) Two different equivalent circuits can be used to model the impedance 
spectra at different potentials when conversion of the adsorption orientation 
occurs or not. When the adsorption orientation of self-assembled DNA changes, 
the equivalent circuit for the impedance of the orientation conversion process is 
given by a serial combination of Rp and Cp, which is in parallel connection with 
the adsorption pseudo capacitance Ca. The exponential factor of the capacitance 
Cp with constant phase element characteristics was found to approach 1. 
(3) According to the impedance spectra, the potential at which the conversion of 
the adsorption orientation occurs is different for ssDNA and dsDNA, the 













Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
